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INTRODUCTION 

It  has  been  knovm  for  a  long  time  that  various  organs  in  the 
animal  body,  other  than  those  of  the  digestive  tract,  contain 
enzymes,  which  are  capable  of  hydrolyzing  fats  and  other  esters. 
It  was  a  matter  of  later  knowledge  that  extracts  made  from  various 
plant  tissues,  especially  those  which  are  rich  in  fats,  possess 
this  same  lipolytic  power.    Since  enzymes  with  lipolytic  activity 
also  hydrolyze  esters,  they  are  sometimes  called  esterases.  The 
research  on  lipases  during  the  last  thirty  years  has  been  conduct- 
ed with  several  main  points  in  view;    first,  their  distribution 
and  activity  in  different  tissues  of  the  animal  body;  second, 
the  identity  of  lipases  from  different  sources;     third,  the  ident- 
ity of  lipases  and  esterases.    That  is,  will  the  enzyme  which 
hydrolyze 8  neutral  fat,  act  with  equal  facility  on  an  ester,  smd 
will  all  of  a  given  series  of  esters  be  hydrolyzed  to  an  equal 
degree  by  the  same  enzyme? 

A  study  of  the  literature  on  the  third  point,  shows  that 
various  investigators  have  arrived  at  different  conclusions  and 
because  the  results  are  so  divergent,  it  \ms  considered  worth 
while  to  carry  out  some  work  to  determine  to  what  extent  the 
degree  of  hydrolysis  of  lipase  is  influenced  by  the  chemical 
constitution  of  the  ester. 
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HISTORICAL 

Hanriot(l)  a  French  investigator  was  responsible  for  much 
of  the  earlier  work  on  lipases.    He  studied  in  particular  the 
lipase  found  in  blood  serum,  and  also  those  of  the  pancreas,  the 
suprarenal 3,  the  muscles  and  testicles.    He  observed  on  dialysis 
of  solutions  containing  lipases  that  none  of  the  active  substances 
was  carried  throu^i  the  membrane.    A  small  amount  of  the  active 
substance  hydrolyzed  a  large  quantity  of  an  ester,  indicating 
that  it  was  catalytic  in  nature.    Hanriot  made  use  of  monobutyric 
as  a  substrate,  since  it  was  somewhat  soluble  and  easier  to  work 
with  than  fats.    The  point  of  chief  interest  in  this  review  of 
Hanriot 's  work  was,  that  his  study  of  the  relative  hydrolysis  of 
the  ethyl  esters  of  formic,  acetic,  propionic,  isobutyric  and 
pelargonic  acids  by  serum  lipase  showed  that  with  increased  mol- 
ecular weight  of  the  acid,  there  was  a  decreased  hydrolysis  by 
lipase . 

In  1900  Loevenhart  and  Kastle(2)  showed  that  lipases  were 
found  in  many  organs  and  tissues  in  the  animal  body  and  that  the 
extracts  made  from  the  liver,  stomach  and  small  intestine  were 
especially  active.    They  observed  that  repeated  filtration  of  a 
lipase  solution  tended  to  lessen  its  activity,  which  agreed  with 
the  results  of  Kanitz(3)  in  1905.    Ethyl  butyrate  was  used  as 
the  substrate  in  the  experiments  of  Kastle  ajid  Loevenhart,  who 
also  reported  the  effect  of  pancreatic  lipase  on  approximately 

n    solutions  of  ethyl  formate,  acetate,  propinate  and  butyrate. 
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With  the  agtme  alkyl  group,  there  was  an  Increased  percent,  of 

wel  ght 

hydrolysis  with  an  increase  in  molecular/ of  the  acid.    They  also 
observed  that  the  rate  of  hydrolysis  was  proportional  to  the 
amount  of  enzyme  present  but  not  materially  affected  by  the  amount 
of  ester. 

Kastle(4)  studied  the  effect  of  liver  lipase  on  the  metallic 
salts  of  esters  of  inorganic  acids,  such  as  barium  ethyl  sulphate 
and  potassitim  ethyl  sulphate  and  found  that  there  was  no  hydrolysfe 
Lipase  solution  were  also  found  to  be  inactive  towardo  such  com- 
pounds as  sodium  ethyl     succinate,  and  potassium  ethyl  oxalate. 
Since  the  greater  nuniber  of  compounds  which  are  hydrolyzed  by 
lipases  are  unionized  aind  since  the  ionized  substances  failed  to 
hydrolyze,  Kastle  formiilated  the  hypothesis  that  ionized  conipounds 
were  not  affected  by  lipase.    In  1903  Doyen  and  Morel (5)  made  a 
study  of  the  action  of  serum  lipase  on  a  number  of  esters,  among 
which  were  triacetin,  and  the  ethyl  esters  of  acetic,  propionic, 
butyric,  valeric,  caproic,  benzoic,  salicylic,  and  succinic  acids. 
His  procedure  was  so  different  from  that  of  other  investigators 
and  from  that  employed  in  the  present  study  that  it  is  worthy  of 
mention.    One  c.c.  of  the  ester  is  added  to  50  c.o.  of  a  weak 
sodium  carbonate  solution  and  then  the  blood  serum  added.  The 
alkali  which  was  present  in  sufficient  excess  to  neutralize  all 
the  acid  resulting  from  hydrolysis  is  then  titrated  with  weak 
acetic  acid,  and  the  moles  of  aci^  which  have  been  split  off  from 
the  ester  are  calculated.    There  was  no  hydrolysis  of  the  aromatic 
esters  and  with  the  exception  of  ethyl  propionate  the  esters  of 
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the  fatty  acid  series,  showed  an  increased  percent,  of  hydrolysis, 

with  an  increase  in  the  weight  of  the  acid.      Kastle(6)  in  1903 

made  a  careful  study  of  the  relation  "between  chemical  constitution 

of  esters  and  the  rate  of  their  hydrolysis  by  liver  lipase.  A 

filtered  solution  of  lipase  and  n  or    n    solutions  of  the  esters 

40  100 

were  used.    Methyl,  ethyl,  benzyl,  allyl,  butyl,  and  isobutyl 
acetates  were  coinpared  to  study  the  effect  of  an  alteration  of 
the  alcohol  gro^  with  a  given  acid,  and  the  conclusion  was  drawn 
that  the  nature  of  the  alcohol  group  had  little  or  no  influence 
on  the  rate  of  hydrolysis  by  lipase.    Their  second  experiment  was 
to  determine  the  influence  of  a  variation  in  the  acid  group  upon 
the  rate  of  lipolysis.    The  methyl  esters  of  acetic,  propionic, 
and  butyric  acids  were  compared,  as  were  also  the  ethyl  esters  of 
the  same  acids,  and  in  all  these  experiments,  they  observed  that 
the  higher  the  molecular  weight  of  the  acid  in  union  with  a 
common  alkyl  gro\:^,  the  greater  the  rate  of  hydrolysis  by  lipase* 
The  action  of  lipase  on  ethyl  butyrate,  and  on  ethyl  isobutyrate 
vsa:e  also  compared  and  the  re  stilts  indicated  that  the  change  in 
the  configuration  of  the  acid  was  without  affect  upon  the  rate  of 
lipolysis. 

Dakin(7)  studied  the  hydrolysis  of  the  ethyl  esters  of  man- 
deli  c  acid  to  determine  if  there  was  any  relation  between  optical 
activity  and  the  action  of  lipase. 

Loevenhart (8)  in  1907  studied  the  hydrolysis  of  various 
eaters  by  liver  and  pancreatic  lipases,  to  determine  whether  the 
enzymes  from  these  two  sources  were  identical  and  whether  an 
enzyme  preparation  from  one  source  contained  one  enzyme  or  a 
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specific  enzynne  for  each  estar.    His  conclusion,  that  the  enzyme 
of  the  pancreas  was  different  from  that  of  the  liver  was  based 
on  the  following  observations;    first,  the  lipase  from  the  liver 
was  more  active  than  that  of  the  pancreas  for  the  hydrolysis  of 
the  esters  of  the  lower  fatty  acids,  but  when  those  of  the  higher 
fatty  acids  were  considered,  the  pancreatic  extract  was  more  act- 
ive;    second,  liver  extracts  were  found  to  be  much  more  sensitive 
to  the  inhibiting  action  of  sodi\im  fluoride,  and  bile  salts,  than 
extracts  of  the  pancreas;     third,  active  liver  powder  was  rend- 
ered inactive  at  a  lower  temperature  than  the  pancreas  powders. 
His  evidence  was  not  conclusive  as  to  whether  all  esters  are 
hydrolyzed  by  a  single  enzyme  or  by  anenzyme  specific  for  each 
ester,  but  he  favors  the  opinion  that  the  action  is  due  to  one 
enzyme.    Two  experiments  in  his  paper  are  especially  interesting 
since  we  note  that  when  equiurolecular  amounts  of  ethyl  acetate, 
propionate  and  butyrate  were  used,  that  there  was  in  both  exper- 
iments a  slightly  higher  percent,  of  hydrolysis  of  ethyl  propi- 
onate than  of  ethyl  butyrate  with  both  pancreatic  and  liver  lipase. 

Kastle(9)  tried  the  effect  of  butyric  acid  and  hydrochloric 
acid  upon  the  hydrolysis  of  ethyl  butyrate  by  a  lipase  solution, 
and  observed  a  retardation  of  lipolytic  activity  in  both  cases* 

Mention  should  also  be  made  of  the  work  of  Falk(lO)  who 
studied  the  hydrolysis  of  methyl  acetate,  ethyl  butyrate,  and  olive 
oil  by  a  lipase  extracted  from  castor  oil  beans.    His  results  are 
not  valuable  in  the  present  study,  since  equimolecular  amounts  of 
the  esters  were  not  used  and  the  percent,  of  hydrolysis  was  not 
coiiSLUted. 
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EirpERIMENTAL. 

The  lipase  preparations,  which  were  employed  in  this  research 
were  made  according  to  the  method  of  Kanitz,   (3)  by  adding  to  one 
part  of  the  finely  chopped  tissue,  two  parts  of  glycerol.  After 
a  thorough  shaking  the  mixture  was  allowed  to  stand  at  least  a 
week  and  then  filtered  through  cheesecloth,  as  needed.  The 
tissue  used  in  the  greater  number  of  experiments  was  hog  liver, 
but  in  others  the  livers  of  dogs  and  cats  were  employed,  and  in 
one  e:q?eriment,  the  pancreas  of  a  cat.    Glycerol  as  an  extractive 
is  advantageous,  since  it  not  only  furnishes  a  medium,  which  is 
free  from  bacterial  action,  but  it  also  fails  to  extract  fat  which 
might  later  interfere  '^th  results  due  to  autolysis. 

An  extract  made  in  this  way  remains  fairly  constant  in 

strength  for  several  months  according  to  Simonds  (12).    This  can 

be  illustrated  by  a  stiidy  of  the  hog  liver  extract,  which  was  made 

up  Nov.  18,  1919.    A  sample  of  N    ethyl  propionate,  when  treated 

100 

with  this  lipase  on  Dec.  17th  of  the  same  year  showed  a  hydrolysis 

in  three  hours,  that  was  represented  by  3.10  c.c.  of  il_  alkali, 

10 

and  a  repetition  of  the  same  experiment  with  the  same  extract  a 

about  five  months  later  showed  a  hydrolysis  equivalent  to  3.00  c.c. 

of  N_  alkali.      These  figures  are  of  course,  within  the  range  of 
10 

experimental  error,  and  the  degree  of  hydrolysis  in  this  case 

must  be  considered  the  same.    In  general,  however,  there  was  a 
slight  decrease  in  the  activity  of  the  glycerol  extract  after 

standing  several  months. 

When  this  study  was  first  begun,  1  c.c.  of  ester,  0.5  c.c. 
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of  lQff>  calcium  chloride,  0.5  cc .  alcohol  and  1  cc.  of  glycerol 

extract  were  measured  into  a  50  c.c.  Erlenmeysr  flask.  Under 

these  conditions  the  esters  were  not  entirely  in  solution.  The 

flasks  were  allowed  to  stand  for  24  hours  at  room  temperature  and 

at  the  end  of  this  time  the  acid  was  titrated  to  phenolphthalein 

with  N_  alkali.    Blanks  were  used  in  which  boiled  glycerol  extract 
10 

was  substituted  for  unboiled.    Although  various  esters,  such  as 
ethyl  acetate,  ethyl  butyrats,  and  the  methyl,  ethyl,  butyl  and 
benzyl  esters  of  benzoic  acid  were  tested  with  extracts  of  hog, 
cat  and  dog  liver,  and  dog  pancreas,  ethyl  butyrate  alone  showed 
appreciable  hydrolysi s,  and  even  this  ester  was  broken    down  only 
to  the  extent  of  about  2  percent.    Calcium  chloride  was  used  in 
accGtrdance  with  the  suggestion  of  ?^is3  Porter (11)  who  claims 
that  calcium  chloride  has  an  accelerating  influence  on  lipolysis 
due  to  the  precipitation  of  the  resulting  acids,  as  their  insol- 
uble calcium  salts.    Under  the  experimental  conditions  of  this 
early  study,  calcium  chloride  appeared  to  be  without  effect. 

The  next  advance  in  the  problem  was  to  dissolve  the  ester 
in  10^  alcohol  to  see  whether  the  decrease  in  the  strength  of 
the  alcohol  and  the  con^jlete  solubility  of  the  ester  might  not 
cause  a  greater  percentage  of  hydrolysis.    The  experiment  was 
begun  on  October  the  third,  and  was  a  comparison  of  the  rates  of 
hydrolysis  of  ethyl  acetate,  ethyl  butyrate  and  the  methyl, 
ethyl,  butyl  and  benzyl  esters  of  benzoic  acid  by  a  glycerol 
extract  of  cat  liver,  made  September  the  fifteenth  .    The  amounts 
of  the  ester,  glycerol  extract,  and  alcohol  are  indicated  in 
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in  Table  I.    The  figures  given  in  the  table  represent  the  number 
of  c.c.  of  .0985  sodium  hydroxide  necessary  to  titrate  the  acidity^ 
which  resulted  from  the  hydrolysis,  at  the  end  of  various  time 
i ntervals . 

The  figures  in  the  table  are  the  a-(«rages  of  check  deter- 
minations, from  which  a  blank  has  been  subtracted.    The  blanks 
in  the  first  eight  experiments  were  run  with  the  substitution 
of  boiled  enzyme  for  the  unboiled  enzyme.    In  this,  as  in  the 
later  tables  in  this  paper,  allowances  have  bean  made  for  blanks 
for  all  the  figures  which  are  recorded.    Attention  is  called 
particularly  to  the  fact  that  the  figures  in  table  I  represent 
summation  values,  i.e.,  a  flask  containing  the  ester,  glycerol 
content,  and  alcohol  is  titrated  36  hours  after  the  three  substancej^ 
are  mixed,  and  the  amount  of  alkali  recorded.    Eighty-four  hours 
after  the  beginning  of  the  experiment,  the  same  flask  is  a-^ain 
titrated  to  neutralize  the  acid  formed  since  the  thirty-six  hour 
period.    The  sum  of  the  two  amounts  of  alkali  required  is  listed 
under  the  64  hour  column.    On  the  basis  of  the  amount  of  alkali, 
which  would  have  bsen  required  to  neutralize  the  acid,  if  the 
ester  had  been  completely  hydrolyzed,  the  actual  percent,  of 
hydrolysis  has  been  calculated  for  certain  time  intervals.  The 
theoretical  amounts  of  alkali  necessary  to  tittate  the  acid 
resiilting  from  a  100  percent,  hydrolysis  of  the  esters  used  are 
stated  at  the  bottom  of  each  tableland  are  based  upon  the  specific 
gravity  of  the  esters  and  their  purity,  as    determined  by  saponi- 
fication values. 
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A  study  of  Table  I  shows  that  ethyl  butyrate  was  more  complete 
ly  hydrolyzed  at  the  end  of  36  hours  than  ethyl  acetate^  and  that 
this  same  relation  holds  at  the  end  of  756  hours.    The  methyl  and 
ethyl  benzoates  were  hydrolyzed  to  about  the  same  extent  at  the 
end  of  36  hours_^while  the  butyl  benzoate  showed  a  higher  degree 
of  hydrolysis.    However,  at  the  end  of  7  56  hours  the  order  of 
increasing  hydrolysis  was  methyl,  ethyl  and  butyl  benzoate.  These 
results  are  at  variance  with  those  of  Kastle  (6),  who  reported 
that  a  change  in  the  alkyl  group  with  a  comcion  acid  had  little  or 
no  effect  upon  the  rate  of  hydrolysis.    Benzyl  benzoate  apparently 
was  an  exception  to  the  above  rule  that  with  an  increase  in  weight 
of  the  alkyl  group  with  a  common  acii,  that  there  is  an  increased 
rate  of  hydrol-^sis  and  further  investigation  is  necessary  to. 
determine  why  this  is  so. 

The  action  of  the  same  cat  liver  extract  on  the  ethyl  esters 
of  the  lower  fatty  acids  was  now  investigated.    The  conditions 
of  the  experiment  were  similar  to  those  of  former  experiment .  (For 
the  details  see  Table  II.)     The  figures  in  this  table  are  again 
summation  values.    There  is  a  greater  percent,  of  hydrolysis  for 
the  higher  members  of  the  series  than  for  the  lower  members,  but 
the  differences  between  ethyl  butyrate,  ethyl  valerate  and  ethyl 
caproate  are  not  marked.    At  the  end  of  192  hours  the  ethyl 
propionate  showed  the  highest  percent,  of  hydrolysis,  but  at  the 
end  of  696  hours,  the  amount  of  hydrolysis  increased  with  the 
molecular  weight  of  the  acid,  except  in  the  case  of  ethyl  caproate^ 
which  although  more  completely  hydrolyzed  than  ethyl  acetate,  -was 
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was  less  so  than  the  ethyl  propionate,  butyrate  or  valerate. 
Ethyl  acetate  apparently  hydrolyzes  very  slowly,  and  reaches  an 
equillhrium  much  later  than  the  other  esters.    Vv'e  will  observe 
the  same  results  in  later  escperiment s . 

The  above  experiment  was  duplicated  with  the  use  of  an  extract 
of  dog  liver,  prepared  two  weeks  previously .  (fable  III).  The 
forty-eight  hour  titrations  show  a  steady  increase  in  the  percent, 
of  hydrolysis  from  ethyl  acetate  to  ethyl  caproate^and  it  will 
be  noticed  that  the  degree  of  hydrolysis  of  ethyl  propionate  is 
intermediate  between  that  of  the  acetate  and  the  butyrate.  How- 
ever, sifter  193  hours  and  628  hours  it  is  seen  that  the  ethyl 
acetate  has  been  hydrolyaed  to  a  greater  extent  than  the  ethyl 
propionate.    From  ethyl  propionate  to  ethyl  caproate  however, 
there  is  a  steady  increase  in  percentage  hydrolysis.    The  peculiar 
behavior  of  dog  liver  extract  toward  ethyl  acetate  cannot  be 
explained,  but  variations  of  this  kind  have  been  noted  by  Loeven- 
hart(8)  and  on  page  456  of  the  article  referred  to,  he  points 
out  that  liver  extracts  made  from  animals  of  the  same  species 
may  vary  considerably  in  their  action  on  one  ester.    He  considers 
this  to  be  one  reason  why  the  hydrolysis  of  each  enssyme  may  be 
described  to  a  particular  enzyme. 

Since  the  lipase  activity  in  the  above  three  experiments 
was  increased  over  that  of  former  work  by  decreasing  the  strength 
of  the  alcohol  in  contact  with  the  enzyme,  it  was  decided  worth 
v/hile  to  see  what  the  effect  would  be  of  increasing  or  decreasing 
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the  strength  of  the  alcohol  mediuis.     Table  IV  shows  the  effect 
of  variations  in  the  concentration  of  alcohol  from  0-70  percent # 
upon  the  hydrolysis  of  ethyl  propionate  by  glycerol  extract. 
Alcohol  of  ten  percent,  strength  leads  to  a  decreased  degree  of 
hylrolysis,  but  when  the  alcohol  is  increased  to  2©  percent, 
there  is  a  much  greater  decrease  in  the  amount  hy drolyzed^ and 
finally  in  a  medium  of  50  percent,  alcohol  there  is  practically 
no  breakdown  of  the  ester. 

The  next  work,  that  suggested  itself  was  the  use  of  another 
ester  with  varying  strengths  of  alcohols.    Ethyl  benzoate  was 
chosen  because  it  is  insoluble  in  water  and  it  was  thought  that 
the  injaibitory  effect  of  the  stron^^-er  alcohol  on  the  enzynie  Eight 
be  counterbalanced  by  the  fact  that  ethyl  benzoate  goes  into 
solution  with  the  20,  50  and  70  percent .  iconcent rati ons,  and  not 
with  the  lower  concentrations.    The  results  given  in  Table  V 
indicate  plainly  that  the  increased  strength  of  the  alcohol  has  an 
inhibitory  effect  on  the  lipase,  but  it  should  be  noted  particular- 
ly that  the  percentage  decrease  in  hydrolysis  in  changing  from 
ten  percent,  alcohol  to  twenty  percent .  alcohol  is  not  nearly  as 
marked  in  the  case  of  ethyl  benzoate  as  ethyl  propionate.  This 
may  indicate  that  the  inhibitory  ef-^ect  of  the  stronger  alcohol 
is  not  80  apparent,  since  the  ester  is  now  cosipletely  in  solution, 
and  may  afford  a  larger  surface  for  enz3rme  action.    The  next 
point  to  be  considered  was  the  effect  on  the  degree  of  hydrolysis 
of  an  ester,  if  the  amount  of  the  enzyme  was  increased,  since  it 
was  thought  that  a  better  comparison  of  the  degree  of  hydrolysis  of 
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various  esters  might  be  obtained  if  the  optimum  amount  of  the 

extract  was  used.  (Table  VI).    An  increase  in  the  amount  of  extract 

from  one-half  to  two  c.c.  was  followed  by  a  proportional  increase 

in  the  amount  of  hydrolysis. 

Since  water  was  found  to  be  the  best  medium  for  the  hylrol^'-Bi s 

of  ethyl  propionate,  the  next  experiment  was  a  comparison  of 

hydrolysis  of  the  ethyl  dsters  of  the  lower  fatty  acids  in  water 

by  the  dog  liver  extract  previously  used. (Table  VII)      The  three 

lowest  members  of  the  series,  ethyl  acetate,  propionate,  and 

butyrate  show  in  both  experiments  an  increase  in  the  rate  of 

hydrolysis  with  an  increase  in  the  molecular  w6ight  of  the  acid. 

The  ethyl  valerate  and  caproate  are  exceptions  to  this  rule,  since 

of  three  titrations  in  four,  the  caproate  has  hydrolyzed  more  than 

the  valerate  during  the  same  time  and  in  only  one  case  out  of 

four  does  the  percent,  of  hydrolysis  of  ethyl  valerate  exceed  that 

of  ethyl  butyrate. 

The  next  work  was  a  study  of  the  hydrolysis  of  preparations 

50 

of  the  ethyl  esters  of  the  lower  fatty  acids.    The  enzyme  used  - 
used  in  this  and  following  ej^eriments  is  a  glycerol  extract  of 
hog  liver,  made  in  the  manner  described  above.    An  entire  liver 
was  treated  in  this  way  on  November  18,  1919,  and  the  material 
obtained  was  sufficient  for  all  the  remaining  experiments.  Since 
the  esters  are  made  up  in  molecular  equivalents,  they  should,  if 
100  percent,  pure,  and  if  completely  hydrolyzed,  yield  the  same 
amount  of  acid  and  therefore  should  require  equal  amounts  of  the 
alkali  for  titration.    The  .results  are  given  in  Table  VIII  and  at 
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the  iDottom  of  this  table  are  shown  the  theoretical  amounts  of 
alkali  necessary  to  titrate  the  acid  formed,  if  hydrolysis  is 
complete.    It  is  seen  in  both  experiments^ that  ethyl  propionate 
and  ethyl  butyrate  had  practically  reached  anr equilibrium  in 
six  hours  and  that  in  twenty-four  hours  the  acetate,  propionate 
and  butyrate  had  completely  hydrolyzed.    In  N  concentrations, 
ethyl  valerate,  caproate  and  caprylate  are  not  completely  in  sol-  1 
utlon  but  are    partially  ■  emulsified.    The  fact  that  they  are  not 
hydrolyzed  nearly  as  completely  as  those  esters  in  solution 
suggests  that  solubility  may  play  an  important  role  in  lipase 
action. 

Since  ethyl  butyrate  and  ethyl  propionate  had  come  approxi- 
mately to  an  equilibrium  at  the  first  titration  interval  in  the 
preceding  experiment,  it  was  decided  that  titrations  should  be 
m.ade  at  shorter  intervals  so  that  the  rate  of  hydrolysis  might 
be  better  compared.    In  accordance  with  this^we  have  in  Table 

IX  a  comparison  of  the  rate  of  hydrolysis  of  N__  concentrations 
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of  ethyl  acetate,  propionate,  and  butyrate.    Titrations  have 
been  made  at  the  end  of  3,  6,  9,  12  and  24  hours.     It  is  inportant 
to  note  that  the  figures  in  Table  IX  do  not  represent  the  results 
of  retitrations .    For  example,  the  acid  resulting  from  the  hyd- 
rolysis of  ethyl  acetate  for  a  period  of  twelve  hours  is  neutral- 
ized by  3.45  CO.  of  alkali.    This  means  that  the  acid  was  not 
titrated  until  twelve  hours  after  the  beginning  of  the  experiment. 
In  general,  unless  otherwise  stated,  the  figures  in  the  following 
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experiments  have  the  same  significance.    The  blanks  in  thls^and 
all  the  following  experiments  varj'  from  those  of  former  experi- 
ments as  follows,  instead  of  using  boiled  extract,  one-half  c.c. 
of  unboiled  extract  is  added  to  25  c.o.  of  water  and  titrated 
for  free  acidity.    25  o.c,  of  the  ester  solution  is  also  titrated 
for  free  acidity^ and  the  sum  of  these  two  titrations  is  the 
blank.    From  Table  IX  it  can  be  seen  that  ethyl  propionate  and 
ethyl  butyrate  have  practically  come  to  an  equilibrium  at  the  end 
of  six  hours  as  in  the  previous  experiment.    For  the  three  hour 
interval  ethyl  propionate  is  hydrolyzed  to  the  greatest  extent, 
but  again  ethyl  acetate,  although  it  is  much  slower  in  reaching 
an  equilibrium  has  the  highest  percentage  of  hydrolysis  at  the 
end  of  twenty-four  hours. 

It  was  believed  that  a  better  index  of  the  rate  of  hydrolysis 
might  be  obtained  by  titrations  at  still  shorter  intervals  and 
the  record  of  such  an  experiment  is  given  in  Table  X,    At  the 
end  of  the  first  hour  ethyl  propionate^ and  e thyl  butyrate  have 
hydrolyzed  to  about  the  same  extent,  and  to  a  greater  degree  than 
the  ethyl  acetate.    It  can  be  said  that  the  propionate  and  buty- 
rate had  almost  reached  an  equilibrium  in  five  hours,  while  the 
ethyl  acetate  required  from  eight  to  nineteen  hours.    The  slow 

rate  of  hydrolysis  of  ethyl  acetate,  it  will  be  remembered,  was 

In  every  case  in  this  experiment 
noted  in  two  former  experiir^ents^/the  percent,  hydrolysis  of 

ethyl  propionate  was  greater  than  that  of  ethyl  butyrate  and  for 

the  longer  intervals  of  time  the  hydrolysis  of  ethyl  acetate  was 
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equal  to,  or  greater  than  that  of  ethyl  butyrate . 

The  most  interesting  ejqperiment s,  homver,  in  the  ccmparison 

of  the  ethyl  esters  of  the  lower  fatty  acids  are  those  which  are 

given  in  Tables  XI  and  XIa,    In  these  dunlicate  experiments  N 

100 

preparations  of  the  ethyl  esters  of  acetic  propionic,  butyric, 

Talerio,  caproic  and  caprylio  acids  were  employed*    By  the  use 

of  N    concentrations  the  first  four  members  of  the  series  are 
100 

completely  in  solution  and  better  emulsions  of  the  ethyl  oaproate 

and  the  ethyl  caprvlate  are  formed  than  in  N_  concentration. 
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Titration  intervals  were  very  much  shorter,  which  makes  it  possible 
to  observe  differences  in  the  rates  of  hydrolysi s ^ that  might  not 
be  apparent  over  longer  periods*    For  the  fifteen  minute  titration 
Interval  in  the  first  experiment,  it  is  seen  that  the  esters. which 
are  completely  in  solution  show  an  increase  in  the  degree  of 
hydrolysis  proportional  to  an  increase  in  the  molecular  weights  of 
the  acids.    The  ethyl  csq^roate  and  caprylate  are  again  hydrolyzed 
to  a  lesser  degree,  probably  due  to  the  fact  that  they  are  not 
completely  in  solution.    This  same  relation  holds  for  the  thirty 
minute  interval  in  experiment  I  and  at  the  end  of  one  hour  the 
e€hyl  propionate,  butyrate  and  valerate  had  reached  an  equilibrium 
^while  the  acetate  lagged  far  behind.     In  experiment  two (Table  XIa) 
the  order  for  the  degree  of  increasing  hydrolysis  is  ethyl  acetate, 
propionate,  and  butyrate  and  then  a  decrease  again  for  the  ethyl 
valerate,  caproate  and  caprylate.    In  this  experiment  the  degree 
of  hydrolysis  of  ethyl  propionate  is  almost  an  exact  mean  betv/een 
the  acetate  and  butyrate  for  the  first  four  titration  periods. 
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Ju3t  why  the  ethyl  valerate  should  have  a  greater  percent,  of 
hydrolysis  than  ethyl  "butyrate  in  experiment  I,  and  in  experiment 
II  have  a  lower  percent,  cannot  be  explained.    The  dates  of  the 
e:qperiment  wore  far  apart,  and  the  enzyme  preparation  might  have 
changed  considerably  during  this  time.    Perhaps  our  method  of 
straining  through  cheese  cloth  was  not  quite  the  same  on  both 
days, and  on  one  day  our  enzyme  preparation  had  an  active  substance, 
that  was  capable  of  effecting  a  better  hydrolysis  of  ethyl  valer- 
ate than  the  other  esters. 

The  next  series  of  experiments  concerns  the  hydrolysis  of 

N      preparations  of  various  esters  of  benzoic  acid.    In  this 
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concentration  the  methyl  benzoate  goes  entirely  into  solution ,  while 

the  other  benzoates  form  emulsions.    The  point  of  main  interest 

in  Table  XII^  whioh  deals  with  a  comparison  of  methyl  and  ethyl 

benzoate  is  the  influence  of  neutralization  of  the  acid  formed 

upon  the  rate  of  hydrolysis.    For  example,  at  the  end  of  the  two 

hour  j.ntsrval,  1.35  c.c,  of  N  alkali  was  sufficient  to  titrate 

10 

the  acid  formed  by  splitting  the  methyl  benzoate^ but  the  flasks 

which  wdre  titrated  at  the  end  of  one  hour  and  again  at  the  end 

of  two  hours  have  split  off  a  quantity  of  acid  which  required 

1.80  c.c.  of  N_  alkali  for  neutralization.       "Possibly  the  amount 
10 

of  alkali  required  at  the  end  of  eight  hours  for  flasks ^which  have 
been  ret it rat ed , and  those  in  which  the  hydrolysis  has  proceeded 
during  the  entire  period  without  the  neutralization  of  the  benzoic 
acid  is  much  more  striking.    Flasks  1,  3,  3,  4,  5,  6,  which  had  the 
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acid  neutralized  several  times  have  reached  an  equilibrium  in 
eight  hours,  representing  approximately  a  90  percent,  hydrolysis, 
while  flasks  11  and  13  which  were  titrated  only  at  the  end  of 
eight  hours  show  only  a  46  percent,  hydrolysis.    Table  XII  also 
shows  that  the  same  is  true  for  ethyl  benzoate. 

Table  XIII  is  a  record  of  the  hydrolysis  of  N  preparations 

loo 

of  the  methyl,  ethyl,  butyl  and  aaiyl  benzoates.    The  order  of 
hydrolysis  in  the  first  experiment  is  methyl,  ethyl,  butyl  and 
amyl  benzoates,  which  is  also  the  order  of  the  solubility  of  the 
esters.    Since  a  greater  absolute  amount  of  amyl  benzoate  is 
required  to  make  its  solution  equimolecular  -with  those  of  ethyl 
and  butyl  benzoates,  it  is  reasonable  to  suppose  that  there  is  not 
an  equvalent  amount  in  solution  in  all  cases.    In  the  second  exper- 
iment ethyl  benzoate  at  the  end  of  five  hours  hydrolyzes  to  the 
same  degree  as  the  methyl  benzoate,  and  again  in  this  experiment 
the  butyl  and  amyl  benzoates  show  a  decreased  hydrolysis  in  propor- 
tion to  their  increased  molecular  weight.    One  point  concerning 
the  hydrolysis  of  butyl  benzoate  should  be  particularly  noticed., 
fhere  appears  to  be  in  both  experiments  a  greater  percent,  of 
hydrolysis  of  butyl  benzoate  at  the  end  of  eight  hours  than  at  the 
end  of  ten  hours.    This  may  indicate  that  the  reaction  is  reversed 
and  butyl  benzoate  is  formed  when  the  end  products  accumulate  to 
a  certain  concentration. 

Tables  XIV  and  XlVa  should  be  studied  together  and  the  results 
compared  with  those  in  Table  XIII.    The  experiments  were  conducted 
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to  observe  what  the  effect  would  be  on  the  percent,  of  the  esters 
hydrolyzed  if  they  were  shaken  with  the  liver  extract  in  a  shaking 
machine,  since  it  was  considered  probable  that  the  higher  benzoates 
failed  to  hydrolyze  to  any  great  extent  beca\ise  the  surface  for 
contact  with  the  enzyme  was  not  so  large.    The  first  two  flasks 
in  each  group  were  titrated  at  the  end  of  five  hours  and  then 
re titrated  at  the  end  of  twelve  hours.    The  second  two  flasks 
in  each  group  are  titrated  only  at  the  end  of  twelve  hours,  and 
the  average  figure  given.    In  some  cases  only  one  flask  was  used 
and  then  the  figure  given  in  the  twelve  hour  column  represents 
a  retitration.    Methyl  and  ethyl  benzoates  apparently  hydrolyze 
better  without  shaking  than  with  shaking,  as  can  be  observed  by 
comparing  the  five  and  twelve  hour  figures  in  Table  XIII,  against 
those  in  Table  XIV,  using  figures  from  both  tables  which  do  not 
represent  summation  values.    The  shaking  neither  retards  or  accel- 
erates the  hydrolysis  of  the  butyl,  and  amyl  benzoates  , when  toluene 
is  present,  but  when  these  esters  are  shaken  with  liver  extract 
without  toluene,  there  is  an  increase  in  percentage  hydrolysis. 
By  referring  to  Table  XlVa  it  is  seen  that  both  amyl, and  butyl 
benzoates  are  hydrolyzed  to  a  greater  degree^  if  toluene  is  not 
added, and  if  they  are  not  shaken.    The  explanation  of  these 
results  is  not  entirely  clear.    In  a  earlier  experiment  not  record 
ed  in  this  paper,  we  had  come  to  the  conclusion  that  toluene  was 
without  effect  upon  the  hydrolysis  of  ethyl  propionate.  However, 
the  toluene  may  have  an  effect  when  the  ester  is/an  emulsified 
form  such  as  butyl  benzoateand  amyl  benzoate,  since  the  toluene 
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may  form  an  intimate  mixture  with  the  emulsion  and  thus  be 
brought  close  to  the  enzyme.    The  fact  that  methyl  and  ethyl 
benzo&te  show  a  decreased  hydrolysis  when  shaken  may  also  be  due 
to  the  more  intimate  mixture  of  the  toluene  and  lipse.  However, 
the  action  of  the  toluene  does  not  account  for  all  the  differences 
between  the  flasks^ which  were  shaken ^and  those  which  were  not 

shaken.    For  example,  butyl  benzoate  in  Table  XIV  is  shaken  with 

the  extract,  and  'Althout  toluene,  and  shows  a  hydrolysis  that  is 

represented  by  1.45  c.c.  of  N_  alkali  and  in  Table  XlVa  butyl 

10  ' 

benzoate  and  liver  extract  without  toluene,  and  without  shaking 

requires      2.05  c.c.  of        alkali  to  titrate  the  acid  formed. 

1<D 

Again  in  Table  XIV  amyl  benzoate  when  shaken  without  toluene  shows 

a  hydrolysis  in  five  hours  that  is  represented  by  1.05  c.c.  of 

N  alkali,  and  in  Table  XlVa  the  same  amount  of  the  ester  with  the 
10 

same  amount  of  the  extract  without  toluene  and  without  shaking 

yields  an  amount  of  acid  that  is  titrated  by  1.55  c.c.  of  N__ 
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alkali.    There  two  cases  indicate  that  shaking  in  some  unknown 
T/ay  inhibits  the  hydrolysis  of  these  esters.    These  two  above 
experiments  were  conducted    on  successive  days  with  the  same 
filtered  extract. 

Tables  XV,  XVI,  XVII  and  XVIII  are  further  studies  of 
benzoic  esters  made  up  in  N      concentrations.    Table    XV  records 
two  exj)eriment8  in  which  a  comparison  is  made  of  butyl  benzoate, 
and  isobutyl  benzoate  to  determine  whether  the  configuration  of 
the  alcohol  would  have  any  influence  on  the  rate  of  hydrolysis. 
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Since  their  solubility  is  practically  the  same,  this  factor  can 
be  eliminated t    Both  experiments  indicate  that  isobutyl  benzoate 
is  hydrolyzed^  to  a  greater  extent  than  the  butyl  benzoate.  Table 
XVI  is  a  comparison  of  amyl  benzoate^ and  isoeunyl  benzoate  and  it 
is  seen  in  this  ofe.se  that  the  change  cf  the  straight  chain  alco- 
hol to  the  forked  chain  does  not  have  any  effect  on  the  rate  of 
hydrolysis.    The  two  experiments  recorded  in  Table  XVII  were 
performed  in  order  to  compare  the  hydrolysis  of  isobutyl  benzoate 
and  isoamyl  "benzoate^  and  in  both  experiments  the  isobutyl  benzoate 
is  hydrolyzed  more  than  the  isoanyl  benzoate.    This  may  be  only 
a,  question  of  solubility  however,  since  the  isoamyl  benzoate  is 
of  higher  molecular  weight, and  probably  not  in  solution  ot  the 
same  degree  as  the  isobutyl  benatoate. 

Table  XVIII  is  a  comparison  of  the  hydrolysis  of  methyl 

benzoate,  which  is  completely  in  solution  in  N  concentration, 

100 

and  benzyl  benzoate  v/hich  is  an  emulsion  in  N    concentration.  In 

100 

both  experiments  it  can  be  seen  that  the  rate  of  hydrolysis  of 
the  soluble  methyl  benzoate  is  greater  than  that  of  the  benzyl 
benzoate.    No  conclusion  has  been  drawn  as  to  whether  the  small 
degree  of  hydrolysis  of  benzyl  benzoate  is  due  to  some  toxic  effed 
on  the  enzyme^  or  whether  it  is  simply  a  question  of  the  low  solu- 
bility of  the  ester.    An  endeavor  was  made  to  compare  phenyl 
benzoate  with  the  other  benzoate s  but  it  was  found  that  it  would 

not  go  into  solution  in  N  concentration  and  since  it    is  a  solid 
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it  was  thought  that  coiripari son  would  be  valueless  unless  it  went 
entirely  into  solution. 
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The  next  study  was  a  oomparison  of  the  hydrolysis  of  esters 

of  mono  -  di-  and  tri-  hydroxy  alcohols  with  acetic  acid, all  of 

which  were  entirely  in  solution  in  N    preparations.    Table  XIX 

100 

gives  us  the  results  of  the  titrations  with  N_  alkali  and  also 

10 

the  percentage  of  each  ester  hydrolyzed  at  different  time  inter- 
vals.   The  percentage  of  hydrolysis  is  the  least  with  the  ester 
of  the  trihydroxy  alcohol  (glycerol)  and  most  ^/rith  the  ester  of 
the  monohydroxy  alcohol  (methyl  alcohol),  while  the  hydrolysis 
of  the  glycol  diacetate  is  arproximately  a  mean  between  that  of 
methyl  acetate  and  triacetin.    It  wa3  thought  that  it  would  be 
interesting  to  compsre  the  rate  of  hydrolysis  of  a  ir.ethyl  ester 
of  a  fatty  acid  with  a  methyl  ester  of  an  aromatic  acid.    The  two 
that  were  chosen  were  methyl  acetate  and  methyl  benzoate  and  to 
correlate  these  with  the  ethyl  esters  of  the  fatty  acids,  ethyl 
propionate  was  studied  at  the  same  time.    In  both  experiments 
there  is  no  question  as  to  the  order  of  the  esters  in  respect  to 
rates  of  hydrolysis.    The  methyl  acetate  is  hydrolyzed  the  least 
and  tre  ethyl  propionate  the  most  while  methyl  benzoate  is  inter- 
mediate in  hydrolysis  between  the  two.    The  interesting  point  to 

be  noticed  is  that  the  acetic  acid  ester  is  again  very  slowly 

hydrolyzed J  and  is  exceeded  in  percent,  hydrolysis  by  the  methyl 
ester  of  an  aromatic  acid.    If  ethyl  benzoate  were  completely  in 

solution  in    N      concentration,  we  could  have  made  a  comparison 
100 

between  ethyl  acetate  and  ethyl  benzoate  to  see  if  the  same  rule 
held. 
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Since  we  have  compared  the  rates  of  hydrolysis  of  esters  of 
mono-  di-  and  trihydric  alcohols  with  the  same  acid,  it  seemed 
of  interest  to  study  on  the  other  hand  the  esters  of  dicarboxyllc 
acids.    The  simplest  member  of  the  dicarboxylic  acid  esters  with 
ethyl  alcohol  is  ethyl  oxalate,  but  since  this  hydrolyzes  in 
aqueous  solution,  it  ic  of  no  value  in  this  study.    However,  since 
ethyl  malonate,  ethyl  succinate  and  eth-^1  tartrate  were  available 
it  was  possible  to  study  the  ef-"ect  of  increased  molecular  Dveight 
in  the  dicarboxylic  acid  series,  and  also  the  influence  of  a 
hydroxy  group,  (Table  XXI.)  At  the  end  of  three  hours  ethyl 
malonate  and  ethyl  succinate  are  hydrolyzed  to  the  extent  of 
50  percent.,  while  the  ethyl  tartrate  is  only  slightly  hydrolyzed. 
It  is  interesting  to  note  that  the  arr.ount  of  ethyl  malonate^  and 
ethyl  succinate  hydrolyzed  corresponds  to  the    rer.oval  of  one 
ester  group.    That  is  to  say,  the  action  of  the  lipase  may  be 
considered  to  have  split  the  molecules  so  as  to  have  formed  the 
mono  ethyl  estsr  of  malonic  acid^and  the  mono  ethyl  ester  of 
succinic  acid.    It  will  be  recalled  that  Kastle  (4)  has  reported 
that  Na  ethyl  succinate  is  not  hydrolyzed  by  lipase.    It  ms 
also  observed  in  our  experiments  ^that  after  neutralization  of  the 
acid  formed  by  hydrolysis  that  the  lipase  was  without  further 
action.    This  would  correspond  to  the  formation  of  Na  ethyl 

succinate,  if  one  ethyl  grcap  had  been  cleared  from  molecule. 

The  experiments  in  table  XXII  show  the  effect  that  dilution 
of  the  ester  has  upon  its  rate  of  hydrolysis  by  lipase.  Ethyl 
propionate  in  N  .    N.N    .  and  N      solutions  is  measured  out  in 
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equivalent  amounts  and  the  same  amount  of  enzyme  is  added  to  each. 

Both  experiments  show  in  a  general  way  that  the  hydrolysis  pro- 

oeeds  faster  in  the  more  dilute  solutions.    The  differences  in 

the  degree  of  hydrolysis  are  more  marked  between  the  N    and  N 

100  200 

dilutions . 
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SUMMARY 

!•    A  study  of  the  hydrolysis  of  the  ethyl  esters  of  the 
lower  fatty  acids  "by  liver  lipase  (glycerol  extract  of  liver) 
indicated ^that  with  a  large  ^  excess  of  the  ester ^and  over  a 
period  of  several  days  the  percent,  of  hydrolysis  increased 
in  proportion  to  the  increase  in  the  molecular  weight  of  the 
acid* 

II.  When  the  ethyl  esters  of  the  lower  fatty  acids  were 

made  up  in  equimolecular  amounts  (N_  or    N  )  it  was  observed 

50  100 

that  those  esters  ^which  were  completely  in  solution  were  hydro*^ 
lyzed  to  a  =:reater  decree  than  those  which  formed  emulsions 
and  for  those  in  solution  the  general  tendency  appeared  to  be 
(at  least  for  the  shorter  intervals)  an  increase  in  hydrolysis, 
as  the  molecular  weight  of  the  acid  was  increased.    Over  longer 
periods  of  time,  the  hydrolysis  of  ethyl  acetate  which  reaches 
an    equilibrium  very  slowly,  approached  and  in  some  cases 
exceeded  those  of  the  higher  esters. 

III.  The  esters  of  the  fatty  acids  and  benzoic  acid  were 
more  comp'letely  hydrolyzed  in  a  given  period  if  the  acid  result 
ing  fr<»n  hydrolysis  was  neutralized  from  time  to  time. 

IV.  The  study  of  the  hydrolysis  of  the  esters  of  benzoic 
acid  indicated  that  the  degree  of  hydrolysis  ran  parallel  with 
the  solubility  of  the  esters.    The  effect  of  the  configuration 
of  the  alcohol  upon  the  degree  of  hydrolysis  was  variable. 
Isobutyl  bsnzoate  was  hydrolyzed  to  a  greater  degree  than  butyl 


benzoate,  but  the  isoamyl  benzoate  was  not  hydrolyzed  to  a  greater 
degree  than  the  amyl  benzoate,  but  to  an  equal  degree. 

V.  The  hydrolysis  of  the  acetic  esters  of  inono-,di-  and 
trihydric  alcohols  by  lipase  indicated  that  with  an  increase  in 
the  number  of  hydroxyl  groups  of  the  alcohol  there  was  a  decrease 
in  the  degree  of  hydrolysis  • 

VI.  A  study  of  the  hydrolysis  of  the  dicarboxylic  esters 
ethyl  malonate,  ethyl  succinate,  and  ethyl  tartarate  by  lipase 
showed  that  the  first  two  were  hydrolyzed  to  practically  the 
saone  degree  and  to  an  amount  that  corresponded  with  the  removal 
of  one  ester  groi?-^.    Ethyl  tartrate ^ which  may  be  considered  as 
dihydroxy  ethyl  succinate  was  hydrolyaed  to  only  a  slight  degree. 

VII.  It  was  seen  that  ethyl  acetate  hydrolyzed  very  slowly. 

This  is  also  true  of  methyl  acetate,  which,  when  compared  against 

the  only  soluble  benzoic  ester  (methyl  benzoate)  in  H  concentra- 

100 

tion  is  hydrolyzed  to  a  lesser  degree. 

VIII.  Hydrolysis  of  insoluble  benzoic  acid  esters  ms  not 
increased  by  shaking  them  with  liver  extract  in  a  shaking  machine, 
but  when  toluene  was  present  the  degree  of  hydrolysis  of  all  the 
benzoates  was  lowered  by  shaking.    It  was  found  that  the  shaking 
of  amyl  and  butyl  benzoates  without  toluene  inhibited  hydrolysis. 

IX.  It  was  found  that  the  rate  of  hydrolysis  was  greater 

for  N_  solutions  of  ethyl  propionate  than  for  ^  solutions  of  the 

200  35 
same  ester. 
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Table  I 

The  Effect  of  Cat  Liver  Extract  on  Various  Esters 


Hours 

36 

84 

204 

324 

430 

756 

fiitnyi  aoetate  u«o  c»c 
Liver  extract  l.c.c. 
10  c.c.  10^  alcohol 

1  .  f  0 

3.75f» 

4  .  DO 

O  AC 

T  1  DC 

11  ,00 

11  •OO 

l(d  .  DO 

27,7  fo 

FH"  1l  vl    Hi  1  +  WFi    f»    O         r»  r» 

Liver  extract  1  c.c. 
10  c.c.  10^  alcohol 

ft .  OO 

13.8fo 

PI  Af^ 

do*  OU 

OA   1  A 
cj4  .lU 

69.03^ 

Liver  extract  1  c.c. 
10  c.c.  10^  alcohol 

.  t?o 
1.75 

7  "Xf; 
r  •  <20 

11  .lU 

1  A  CA 
1^  ,  DU 

aa  ,UO 

63.7fc 

Methyl  benzoate  0.5  c.c 
Liver  extract  1  c.c. 
10  c.c.  10^  alcohol 

.  .70 

1.9f^ 

1,7 

5.30 

8.20 

10.65 

16.70 
41.8fo 

Butyl  benzoate  0.5  cc. 
Liver  extract  1  c.c. 
10  c.c.  10^  alcohol 

.80 
2.8^ 

2.35 

7.60 

11,15 

14.40 

22.05 
76.6^ 

Benzyl  benzoate  0.5  cc . 
Liver  extract  1  c.c. 
10  c.c.  lOff.  alcohol 

.35 

1.05 

3.60 

4.35 

4.55 

4.40 

Theoretical  amount  of  alkali  necessary  to  titrate  the  acidity 
resulting  from  .50  cc.of  the  various  esters  assuming  complete 
hydrolysis. 


Ethyl  acetate  45.30  c.c. 

Ethyl  butyrate  37,81  " 

Methyl  benzoate  39,90  « 

Ethyl  benzoate  34.62  " 

Butyl  benzoate  28,79  « 

Benzyl  benzoate  23.25  " 
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Table  II 

A  Study  of  the  Hydrolysis  of  the  Ethyl  Esters  of  the  Lower 
Fatty  Acids  by  Cat  Liver  Extract  when  the  Ester  is  in  a 
10^  Alcohol  Medium 


Hours 

34 

46 

96 

192 

312 

460 

1  S96 

Ethyl  acetate  0.5co. 
lOcc.  10^  alcohol 
Liver  extract  Icc. 

1.15 

3.5^ 

2,70 

5.65 

10.10 
33 .  3^ 

16.50 

31,50 

38.65 
63.3fo 

Ethyl  Propionate  .5oc 
Liver  extract  1  cc . 
10  CO.  10>  alcohol 

.3.55 
5.85 

lit 

7,80 

31,50 

31,70 

31.95 

31,30 

31 ,00 
71.2^ 

Ethyl  butyrate  .5  cc. 
Liver  extract  1  c.c. 
10  CO.  lOf^  alcohol 

3,35 
8,65 

10.75 

31.50 

26.40 
69  .Bio 

27,80 

38.50 

38,80 
76,20 

Ethyl  valerate  .5  cc, 
liver  extract  1  c.c, 
10  00.  lOfo  alcohol 

2.80 

8,65 

9,15 

17,25 

22,75 
6S.69 

i 

34.45 

34.90 

25,70 
77, 6f^ 

Ethyl  Caproate  ,5  cc. 
Liver  extract  1  cc, 
10  cc.  lOfo  alcohol 

3.05 
8.5f^ 

5,00 

9.00 

16.60 
54.9^5 

30  .30 

30.60 

21,15 

69.9^ 

Theoretical  amount  of  alkali  necessary  to  titrate  the  acidity 
resulting  from  ,50  cc.  of  the  various  esters  assuming  complete 
hydrolysi  s . 


Ethyl  Acetate  45,30 

Ethyl  Propionate  43,56 

Ethyl  Butyrate  37,61 

Ethyl  Valerate  33.12 

Ethyl  Caproate  30,25 
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Table  III 


A  Study  of  the  Hydrolysis  of  the  Ethyl  Esters  of  the  Lower 
ffatty  Acids  by  Dog  Liver  Extract  in  a  Medixan  of  10^  Alcohol. 


Hours 

48 

96 

144 

192 

340 

528 

638 

Ethyl  acetate  .5  cc. 
Liver  extract  1  cc. 
10  cc.  10^  alcohol 

4.70 

10.4fo 

9.10 

13,00 

16.90 
37.3fo 

18.75 

35.40 

36.70 
58. 9f^ 

Ethyl  propionate* 56c 
Liver  extract  1  cc. 
10  cc.  10$  alcohol 

. .7,10 
16.3^ 

8.90 

10.55 

12.30 

2e.2fo 

13.70 

19,80 

31.65 
49 .  lie 

'UuiijrX     UblujXniiw  .www. 

Liver  extract  1  cc. 
10  oc.  10^  alcohol 

O  «  CO 

22,9^ 

1.0  .  lU 

X  o .  ou 

47. 4f. 

1  ci  in 

X  >?  .  X  u 

p  ^  9n 
56  ,5f^ 

Ethyl  valerate  .Sec. 
liver  extract  1  cc. 
10  CO.  lOfo  alcohol 

8,10 
24,5fo 

15.90 

20.80 

22.55 
68.  If. 

33.60 

35.50 

35.95 
78.4fc 

Ethyl  caproate  .5cc. 
Liver  extract  1  cc. 
10  CO.  lOfc  alcohol 

9.90 
33.7^ 

17.25 

21.95 

22.40 
74.1^ 

32.85 

34.45 

35.60 

84.efo 

Theoretical  amount  of  alkali  necessan-  to  titrate  the  acidity 
resulting  from  .50  cc.  of  the  various  esters  assuming  corrplete 
hydrolysis. 


Ethyl  Acetate  45.30 

Sthyl  Propionate  43.56 

Ethyl  But y rate  37,81 

Ethyl  Valerate  33.13 


Ethyl  Caproate 


30.35 


C  I, 
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Table  IV 

The  Effect  of  Increasing  the  Strength  of  Alcohol  Medium  from  0  to 
-70  Percent  on  Lipase  Activity. 


First  Experinaent 


^jsoncL  Experiment 


Hours 


45 


Ethyl  Propionate  .5oc. 

10  cc.  Water 

1  cc.  Liver  Extract 

15.40 

16.30 

Hours 

48 

120 

36 

84 

132 

Ethyl  Prop  innate. 5  co. 
10 cc.  XO^  Alcohol 
1  cc.  Liver  Extract 

7.20 

12.8 

8.05 

11.35 

15.25 

  >■  ■- 

Ethyl  Propionate .5cc. 
10  cc.  20^  Alcohol 
1  00.  Liver  Extract 

2.90 

2,95 

1.80 

1,95 

2.00 

Ethyl  Prfi>pionate  .5  cc. 
10  cc.  50%  Alcohol 
1  Bo.  Liver  Extract 

0.10 

0.05 

0.05 

0.05 

0.10 

Ethyl  Propionate. 5  cc. 
10;  cc.  70%  Alcohol 
1  cc.  Liver  Extract 

0.10 

0.05 

0.05 

0.10 

0.15 

Theoretical  amount  of  alkali  necessary  to  titrate  the  acidity 
resulting  from  .50  cc.  of  ethyl  prqpionate  assuming  complete 
hydrolysis. 


Ethyl  Propionate 


43.56  CO. 
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Table  V 

The  Effect  of  Increasing  the  Strength  of  Alcohol  Medium  from 
0  to  -70  Percent,  on  Lipase  Activity  with  Ethyl  Benzoate  as 
the  Substrate. 

Hours 

48 

120 

Ethyl  Benzoate   .5  cc. 

10  cc.  Water 

1  cc.  Liver  Extract 

3.60 

5.55 

Hours 

46 

96 

Ethyl  Benzoate  .5  cc. 
10  cc.  10^  Alcohol 
1  cc.  Liver  Extract 

1.50 

3.05 

'Ethyl  Benzoate* 5.0. c. 
10  cc.  30^  Alcohol 
1  cc.  Liver  Extract 

0.60 

2.25 

Ethyl  Benzoate  .5  cc. 
10  cc.  50^  Alcohol 
1  cc.  Liver  Extract 

0.25 

0.25 

Ethyl  Benzoate  .5  cc. 
10  cc.  70fo  Alcohol 
1  cc.  Liver  Extract 

0.20 

0.25 

Theoretical  amount  of  alkali  necessary  to  titrate  the  acidity 
resulting  from  .50  cc.  of  ethyl  benzoate  assuming  complete 
hydrolysis. 

Ethyl  Benzoate  34.63 

cc. 

- 
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Table  VI 

Effect  of  Increasing  the  Amount  of  Liver 
Constant  Amount  of  the  Ester. 

Extract  with  a 

Hours 

3^ 

84 

Ethyl  Propionate ,5  cc» 
10  cc.  lOfo  Alcohol 
Liver  Extract  .5  oc. 

5.10 

8.05 

Ethyl  Propionate  ,5  cc. 
10  cc.  lOfo  Alcohol 
Liver  Extract  1.0  cc. 

6.80 

10.70 

Ethyl  Propionate   .5  cc. 
10  cc.  lOfo  Alcohol 
Liver  Extract  1.5  cc. 

9.75 

15.00 

Ethyl  Propionate  .5  cc. 
10  cc.  lOio  Alcohol 
Liver  Extract  2.0  cc. 

12.00 

18.50 

Theoretical  an ount  of  alkali  necessary  to  titrate  the  acidity 
resulting  from  .50  cc.  of  ethyl  propionate  assuming  complete 
hydrolysis. 

Ethyl  Propionate  43.56 
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Table  VII 

Two  Experiments  to  Compare  the  Action  of  Liver  Extract  on 
the  Ethyl  Esters  of  the  Lower  Fatty  Acids. 

First  Experiment   ?eoonl  ExperimQnt 


Hours. 


Ethyl  Acetate  .5  cc. 

10  cc.  Water 

Liver  Extract  1.5  cc. 

13.8 

30.5fo 

14.8 
32.'^^ 

14.95 

33  .of. 

19.20 
42.4f« 

Ethyl  Propionate  .5  cc. 

10  cc.  Water 

Liver  Extract  1.5  cc. 

18.65 
42.8^ 

3(r.45 
46.9^ 

19. 8C 
38.^- 

27.05 

62,lfo 

Ethyl  Butyrate  .5  cc. 

10  cc.  Water 

Liver  Extract  1.5  cc. 

16.35 
43.2fo 

18.60 
49. 3f^ 

17.10 

45.2^^ 

24.70 
65  *2ffc 

Ethyl  Valerate  .5  cc. 

10  cc.  Water 

Liver  Extract  1.5  cc. 

14.25 
43.1^ 

22.40 
67.6^ 

12.45 
37,e^o 

21.30  . 
64.3J& 

Ethyl  Caproate  .5  cc, 

10  cc.  Water 

Liver  Extract  1.5  cc. 

13.15 
42. 

18.90 
62.^ 

13.05 
43.1^ 

21.30 
70.4^ 

J  « 

Theoretical  amount  of  alkali  necessary  to  titrate  the  acidity 
resulting  from  .50  cc.  of  the  various  esters  assuming  complete 
hydrolysis . 


Ethyl 

Acetate 

45.30 

0  ,c , 

Ethyl 

Propionate 

43.56 

c  ,c . 

Ethyl 

Butyrate 

37.81 

0  .c . 

Ethyl 

Valerate 

33,12 

c  .c. 

Ethyl 

Caproate 

30.25 

c  ,c  • 

4 
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Table  VIII 

A  Comparison  of  the  Hydrolysis  of  N     Preparations  of  the 

50 

Ethyl  Esters  of  the  lower  Fatty  Acids  by  Liver  Extract. 


First  Experiment 


Second  Experiment 


25  cc.  N  Ethyl  Acetate 
50 

Liver  Extract  1  oo. 

2.85 

3.60 

4.50 

3 . 55 

3.80 

4.65 

25  cc.  N  Ethyl  Propion- 

50  ate 
Liver  Extract  1  cc. 

4.45 

5.00 

4.80 

4.50 

4.65 

4.70 

25  oc.  N  Ethyl  Butyrate 
50 

Liver  Extract  1  cc. 

4.35 

5.25 

5.60 

4.45 

4.45 

5.25 

25  cc.  N  Ethyl  Valarate 
50 

Liver  Extract  1  cc. 

2.45 

2.60 

3.70 

3.25 

3.25 

4.00 

25  6c.  N  Ethyl  Caproate 
50 

Liver  Extract  1  cc. 

1.65 

2.95 

1.85 

2.05 

3.25 

25  cc.  N  Ethyl  Capry- 

50  late 
Liver  Extract  1  cc. 

0.30 

0.55 

0.70 

0.70 

1.30 

Theoretical  amount  of  alkali  required,  providing  hytrolysis  had 
been  complete . 

Ethyl  Acetate  4.32  cc. 

Ethyl  Propionate  4.86  cc. 

Ethyl  Butyrate  4.93  cc 

Ethyl  Valerate  4.85  cc 

Ethyl  Caproate  4.87  cc 
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Table  IX 

Coicparison  of  the  Hydrolysis  of  N    Solutions  of  Ethyl  Acetate, 

50 

Butyrate  and  Propionate,  by  Liver  Extract. 


Hours 

3 

6 

9 

12 

24 

25  cc.  N    Ethyl  Acetate 
50 

1  oc .  Liver  Extract 

2.35 
54.3fc 

3.25 

3.60 

3.45 

3.75 
87  .0^ 

25  cc,  N_  Ethyl  Proplon- 

50  ate 
1  cc.  Liver  Extract 

3.80 
78.0fo 

4.00 

4.00 

4.00 

4.10 

84.0fo 

25  cc.  N    Ethyl  Butyrate 
50 

1  cc .  Liver  Extract 

3.50 
71. Of. 

3.75 

3.60 

3.65 

3.60 
73. of. 

Theoretical  amount  of  alkali  required,  providing  hydrolysis  had 
been  complete 

Ethyl  Acetate  4.32  cc. 
Ethyl  Propionate  4.86  cc. 
Ethyl  Butyrate      4,93  cc 
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Table  X 

Comparison  of  the  Hydrolysis  of  Ethyl  Esters  of  the  Lower 
Fatty  Acids. 


Q 
O 

'Z 

O 

A 
** 

D 

D 

o 

1  Q 

X.  1.15 

1.65 

1.90 

2.15 

2.50 

2.55 

2.85 

3.55 

3.60 

3.50 

81  ,^0.: 

y.  3.10 

3.45 

3.75 

3.70 

3.80 

3.80 

3.80 

4.20 

4.20 

4.05 
83.0^ 

Z.  3,05 

3.35 

3.50 

3.60 

3.60 

3.65 

3.85 

4.00 

3.95 

60,0^ 

X  a  25  PC.  N      Ethyl  Acetate 
50 

Liver  Extract  1  co. 
6  drops  Toluene 


Y  =  25  00.  N_  Ethyl  Propionate 
50 

Liver  Extract  1  cc. 
6  drops  Toluene 

Z.«»  3  5  cc.  N__  Ethyl  Butyrate 
50 

Liver  Extract  1  cc. 
6  drops  Toluene 

Theoretical  amount  of  alkali  required,  providing  hydrolysis  had 
besn  complete 

Ethyl  Acetate  4.32  cc. 
Ethyl  Prot)ionate  4.86  cc. 
Ethyl  Butyrate      4.93  cc 
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Table  XI 

A  Comparison  of  the  Hydrolysis  of  N    Preparations  of  the 

100 

Ethyl  Esters  of  the  Lower  Fatty  Acids .by  Liver  Extract. 


to 

f  Sj 

.3  hrs,4hr3 

X. 

0.30 

0.55 

0.70 

0.85 

i,oo' 

1.10 

1.10 

1 

1.25 

1.70 

2,00 

Y. 

2.60 

3.60 

4.00 

4.15 

4.15 

4.25 

4.35 

4,25 

4.40 

4.45 

Z. 

3.45 

3.65 

3.90 

3.90 

3.95 

4.05 

4.05 

4,00 

4.fi5 

4.10 

A. 

3.75 

4.05 

4.10 

4.10 

4.10 

4.15 

4.10 

4.10 

4.10 

4.20 

B. 

2,10 

2.55 

2,70 

3.00 

3.15 

3.25 

3.45 

3.65 

4.05 

4.30 

C. 

0^30 

0.40 

0.60 

0.65 

0.65 

e.90 

0.90 

1,30 

2.00 

X  «  50  cc.  N    Ethyl  Acetate  and  ,5  cc.  Liver  Extract 
100 

Y  =  50  CO.  N    Ethyl  Propionate  and  W5  cc.  Liver  Extract 
100 

Z  «     n      n        n        n        Butyrate  It        n      n  it  « 

A  as    w     «      i»      «      Valerate  n      n     n  n  n 

B  «    "    •»      «      "      Caproate  n      ti     n  w  « 


C  «    w    n      n      n  Caprylate 


It 


Theoretical  amount  of  alkali  required,  providing  hydrolysis  had 
been  con^^lete 

Ethyl  Acetate  4.32  cc, 

Bthyl  Prc^ionate  4.86  « 

Ethyl  Butyrate  4.93  « 

Ethyl  Valerate  4.85    «  ■ 

Ethyl  Caproate  4,87    "  . 
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Table  XIa 

A  Comparison  of  the  Hydrolysis  of  N    Preparations  of  the 

100 

Ethyl  Esters  of  the  Lower  Fatty  Acids  by  Liver  Extract 


Time 

15' 

30 » 

45' 

60' 

75' 

90' 

105' 

2  hrs 

5.3  hrs. 

4  hrs. 

X. 

0.40 

0.55 

0.75 

0,90 

0.90 

0,90 

0.95 

0.95 

1.20 

1.85 

Y. 

1.40 

1.90 

2.15 

2.3(0 

a. 75 

2.50 

2.80 

2.75 

3.10 

4.05 

Z. 

2.40 

3.10 

3.35 

3.55 

3.65 

3.65 

3.65 

3.65 

3.B5 

4.20 

A. 

2.15 

2.30 

2.45 

2.75 

j  2.60 

2,75 

3.00 

2.9  5 

3.000 

3.70 

B. 

1.40 

1.20 

1.65 

1.85 

1.95 

2.20 

2.15 

2.30 

2.20 

2.65 

0.60 

0.60 

0.95 

0.70 

0.75 

0.85 

1.20 

1.50 

1.50 

The  Significance  of  the  letters  and  theoretical  amounts  o€  alkali 
are  found  in  Table  11. 
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Table  XII 

A  Coarpariaon  of  the  Hydrolysis  of  N   .'Preparations  of  Methyl 

100 

and  Ethyl  Benzoates. 


Hours 

1 

3 

3 

5 

6 

8 

24 

Flasks 
50  PC.  N  Methyl  1) 
100  Benzoate  2) 

.90 

1.80 

2.70 

3.60 

4.10 

4.35 

4.65 

ijivsx'  HiXtriACT;    •act;.  . 
6  drops  Toluene  3) 

4) 

1.35 

2,40 

3.70 

4.35 

4.50 

4.55 

5) 
6) 

1.60 

2.95 

3.90 

4.40 

4.55 

l\ 

1.95 

3.05 

4,00 

4.30 

9) 
10) 

1.95 

3,20 

4.30 

12) 

2.25 

4.30 

13) 

3,55 

50  CO.  N    Ethyl  14) 
100  Eenzoate  15) 

♦  .90 

2.10 

3.75 

Liver  Lxtraot  .5cc. 
6  drops  Toluene  16) 

17) 

1.80 

4.05 

18) 

2.60 

Theosetical  amount  of  alkali  required,  providing;  hydrolvsis  had 
been  complete 

Methyl  Benzoate  4.93  c.c. 
Ethyl  Benzoate        4.97  c.c. 
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Table  XIII 

A  Comparison  of  the  Hydrolysis  of  Various  Esters  of  Benzoic 
Acid  by  Liver  Extract. 


First  Experiment 


Hours 

1 

f  ^ 

3 

4 

5 

S 

10 

1?, 

50  cc.  N  Methyl 

100  Benzoate 
Liver  Extract. 5oo. 

1.00 

1.35 

1.60 

1.55 

2.00 

2.60 

2.85 

50  cc.  N  Ethyl 

Too  Benzoate 
Liver  Extract  .5  cc 

1.00 

• 

1.15 

1.20 

1.20 

1.90 

2.00 

1.65 

50  cc.  N  Butyl 

100  Benxoate 
TiivsT*  Ex'tj'T'aQ'h  .5r»t3» 

•U  X    V  w  X       i-J  ^          M  WW        .        W  W  . 

0.60 

0.70 

0.95 

0.95 

1.20 

1.45 

1.05 

1.25 

50  cc.  N  Amyl 

100  Benzoate 
Liver  Extract  .5  oc 

0.40 

0.55 

0.60 

0.55 

0. 

0.65 

0.75 

0.65 

Second  Experiment 

Hours 

1 

2 

3 

4 

5 

8 

10-1/2  12 

50  cc.  N  Methyl 

100  Benzoate 
Liver  Extract. 5  oc. 

0.65 

1.40 

1.45 

1.60 

2.65 

2.90 

2.75 

50  cc.N  Ethyl 

100  Benzoate 
Liver  Extract. 5  cc. 

0.70 

1.55 

1.60 

1.40 

1.35 

2.50 

3.00 

2. 35 

50  cc.  N  Butyl 

100  Benzoate 
Liver  Extract. 5  oc. 

0.40 

0.70 

0.75 

0.65 

0.65 

1.65 

1.25 

1.10 

50  cc.  N  Amyl 

100  Benzoate 
liver  Extract. 5  cc. 

0.40 

0.40 

0.45 

0.50 

0.55 

0.65 

0.65 

0.75 

Theoretical  amount 
complete 

of  alkali  requred, 

providing  hydrol^" 

sis  had  been 

Methyl  Benzoate      4.93  c 
Ethyl         "  4.97 
Butyl         «  5.04 
Amyl           n  4.93 

.0. 

n 
II 
n 
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Table  XIV 

Comparison  of  the  Hydrolysis  of  N    solution  of  Various  Esters 

100 

of  Benzoic  Acid  When  Shaken  in  a  Shaking  Machine. 


Hours 

5 

12 

50  cc,  N  Msthyl  Benzoate 
100 

Liver  Extract  .5  cc . 
6  drops  Toluene 

±1  lasks 
55) 
56 

57 
58 

1.05 

1.70 
1.05 

50  cc,  N    Ethyl  Benzoate 
100 

Liver  Extract   ,5  oc, 
6  dror-s  Toluene 

60 
63 
65 
67 

1.05 

1.65 

1.10 

50  cc.  N  Butyl  Benzoate 
100 

Liver  Extract  .5  cc. 
6  droDS  Toluene 

55 
56 
57 
58 

1.05 

1.65 
1.10 

50  cc .  N  Butyl  Benzoate 
100 

Liver  Extract  .5  cc. 
Without  Toluene 

70 

1.45 

3.30 

50  cc.  N    Amyl  Benzpate 
100 

Liver  Extract  .5  cc. 
6  droDS  Toluene 

60 
63 
65 
67 

0.40 

1.00 
.75 

50  cc.  N    Amyl  Benzoate 
100 

Liver  Extract  .5  cc. 
Without  Toluene 

71 

1.05 

1.85 

In  oases  where  four  flasks  ^ers  used  the  second  pair  was  not  tit- 
rated until  the  12  hour  period.    However,  when  only  one  flask  is 
used,  the  12  hour  figure  represents  a  retitration. 

Theoretical  amount  of  alkali  required,  providing  hydrolysis  had  been 
cos^lete . 

Methyl  Benzoate      4.93  cc . 
Ethyl  «  4.97  « 

Butyl  "  5.04  « 

Amyl  "  4.93  " 
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Table  XIV  (a) 

A  Comparison  of  the  Hydrolysis  of  N    Solutions  of  Butyl  and 

100 

Amyl  Benzoates  by  Liver  Extract  With,  and  Without  Toluene, 
and  without  Shaking. 


Flasks 

5  hrs. 

12  hrs. 

100 

Liver  Extract  .5  cc. 
6  drops  Toluene 

PI 
62 
63 
64 

1.05 

50  cc  *  N     Butvl  T^enc^nal".© 

Wv/       S/  w  «       Ai               \JL  W  Jr  ^      l-J  w  1  ^  -u  ^  Gb  W  W 

100 

Liver  Extract  .5  cc. 
Without  Toluene 

66 

2.05 

3.65 

50  cc.  N    Amyl  Benzoate 
100 

Liver  Extract  cc. 
6  drops  Toluene 

59 
60 
68 
69 

0.70 

1.05 
.95 

50  cc.  N    Amyl  Benzoate 
100 

Liver  Extract  •  5oo. 
Without  Toluene 

48 

1.55 

2.75 

In  cases  where  four  flasks  virere  used  the  second  pair  was  not 
titrated  until  the  12  hour  period.    However,  when  only  one  flask 
is  used,  the  12  hour  figure  represents  a  retitration. 

Theoretical  amount  of  alkali  required,  providing  hydrolysis  had  been 
complete. 


Butyl  Benzoate        5.04  cc. 


Amyl  Benzoate 


4.93  « 
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Table  XV 

A  Comparison  of  the  Hydrolysis  of  N    Preparations  of  Butyl 

100 

Benzoate  and  Isobutyl  Benzoate  by  Liver  Extract. 


First  Experiment 


Hours 

1 

2 

3 

4 

5 

8 

10 

12 

24 

50c c .  N  Butyl 

100  Benzoate 
Liver  Extract. See. 
6  drops  Toluene 

0.65 

0.60 

0.95 

0.90 

0.90 

0.95 

0.95 

1.35 

1*60 

50oo .  N  I aobutyl 
lOOBenzoate 
Liver  Extract. 5cc. 
6  drops  Toluene 

0.75 

1.30 

1.15 

1.30 

1.15 

1.30 

1.35 

1.65 

2.50 

Second  Exoe 

riment 

50 cc.  N  Butyl 

100  Benzoate 
Liver  Extract. 5co. 
6  drops  Toluene 

0.40 

0.65 

0.65 

0.60 

0.65 

Q.S5 

1.10 

1.10 

50  00 .  N  Isobutyl 

100  Benzoate 
Liver  Extraot.5cG. 
6  drops  Toluene 

0.40 

0.80 

0.80 

0.95 

1.10 

1.20 

1.35 

Theoretical  amount  of  alkali  required,  providing  hydrolysis  had 
been  con^jlete. 


Butyl  Benzoate  5.04  c.c. 
Isobutyl    n  5.08  « 
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Tab  13  XVI 

A  Oompcirison  oi  the  Hyi it  lysis  of  An-.yl  Bentsos-te  ani  Isoan-.yl 

Benzovite   (  N  )    bv  Livsr  Hlxtraot. 
100 


First  Exneriment 


Hours 

1 

3 

3 

4 

5 

8 

IQ 

13 

24 

50oc •  N_Amyl 

loo  Bens  oat  a 
Livar  Extry.ct  •  5go  . 
6  irops  Tolusns 

0.35 

0.40 

0.50 

0.45 

0.45 

0.60 

0.60 

0.80 

0  .65 

50cc »  K  lagaaiyl 

100  Ben seats 
Liver  Extract •5oo 
6  cirors  TolTvina 

0.30 

0.35 

0.40 

0.35 

0.45 

0.45 

0.60 

0.55 

0.65 

riisent 

50 oc  «  N  Amyl 

100  B^inzoats 
Liver  S^tr'.iot .  [jog  . 
6  drops  Toluene 

0.50 

0.50 

0,55 

0.65 

0.B5 

0.80 

0.80 

0.90 

1.65 

50co  •  N  Ido^yl 

100  Bannoato 
Livsr  £  xtract  .5cc  , 
5  irops  Toluene 

0 . 55 

0.5C 

0.50 

0.-30 

0.70 

0.S5 

0.75 

0.60 

X  .05 

Thioretioal  ar.ount  of  alkali  raquirai,  r^ovi^in??  hydrolvsis  had 
bean  cornpiote . 

Mmfl  Ben^.oata          4.93  c.c. 

Idoatjyl      «  5.03  ^ 
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Table  XVII 


A  Comparison  of  the  Hydrolysis  of  N    Solutions  of  I soamyl 

100 

Benzoate  and  IsoButyl  Benzoate  by  Liver  Extract. 


First  Experiment 


Hours 

1 

2 

3 

4 

5 

(  7 

10 

12 

5000 .  N  I so butyl 

100  Benzoate 
Liver  Extract. 5cc, 
6  drops  Toluene 

0.75 

0.90 

1*00 

0.65 

1.00 

1.30 

1*35 

50qcs  •  N  TaoajBvT 

%0  ^/  W  W  9       Vi       ^  O      y-^mh*  J  ^ 

100  Benzoate 
Liver  Extract. 5cCi 
6  drops  Toluene 

0  .30 

0.35 

0.30 

0 . 35 

0.50 

0.55 

0,70 

0.70 

F5ecf)nd  E: 

p^srim 

50cc.  N  Isobutyl 
100  Benzoate 
Liver  Extract.5ccj 
6  drops  Toluene 

1,00 

1.20 

1*30 

1.30 

1.50 

1.40 

1.40 

1.60 

50  0  c .  N  I soamyl 

100  Benzoate 
Liver  Extract.Scc, 
6  drops  Toluene 

0.50 

0.55 

0.50 

0.60 

0.60 

0.50 

0.50 

0.85 

Theoretical  amount  of  alkali  required,  providing  hydrolysis  had 
baen  comx)lete 

Isobutyl  Benzoate  5.08  o.o. 
I soamyl  Benzoate        5.03  c.c. 
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Table  XVIII 


A  Comparison  of  the  Hydrolysis  of  N    Preparations  of  Methyl 

100 

and  Benzyl  Benzoates  hy  Liver  Extract*. 


First  Experiment 


Hours 


10  12 


5000  •  N  Methyl 

100  Benzoate 
Liver  Extract. 5cc. 
6  drops  Toluene 


1,05 


1.60 


1,80 


2.20 


2.80 


2,85 


3.10 


50 00 .  N  Benzyl 

100  Benzoate 
Li  ve  r  Ext  ract .  5cc « 
6  drops  Toluene 


0,30 


0.40 


0.50 


0.65 


©.75 


0.95 


1.10 


50 


Second  Experiment 


5000.  N  Methyl 

100  Benzoate 
Liver  Extract. 5oc. 
6  drops  Toluene 


1.10 


50 CO .  N  Benzyl 

100  Benzoate 
Liver  Ext  ract.  5cc. 
6  drops  Toluene 


0.60 


1.95 


0.60 


2.40 


0.65 


2.45 


1.10 


2.90 


1.00 


Theoretical  amount  of  alkali  required,  providing  hydrolysis  had 
been  conplete • 

Methyl  Ben«oate      4.93  c.c. 
Benzyl  Benzoate     4.73  " 
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Table  XIX 

A  Study  of  the  Hydrolysis  of  Methyl  Acetate,  Glycol  Diacetate 
and  Trlaoetln  (  N  )    by  Liver  Extract. 

50 

First  Exoeriment 

Hours  1 

3           5  6 

11 

25cc.  N  Methyl  acetate 
50 

Liver  Extract. 5oa. 

0.75. 

1.30 

2.15 

2,45 

3.80 

25co.  N  Glycol  Diacetate 
50 

Liver  Extract  .5  co. 

0.50 

0.85 

1.05 

1.25 

1.70 

25cc .  N  Triacetin 
50 

Liver  Extract  .5  cc. 

0  .40 

0.80 

0.95 

1.15 

1.70 

Second  Experiment 

25cc.  N    Methyl  acetate 
50 

Liver  Extract  .5  cc. 

0.90 

1.60 

2.20 

2.30 

3.00 

25cc.  N  Glycol  Diacetate 
50 

Liver  Extract  .5  cc. 

0.55 

0.60 

1.05 

1.10 

1.35 

25  oc.  N  Triacetin 

50 

Liver  Extract  .5  co. 

0.40 

0.70 

0.90 

1.00 

1.45 

Above  results  expressed  in  terms  of  percent,  hydrolysis. 

First  Experiment 

Methyl  Acetate 

15.4fo 

26.6ffo 

44.  If^ 

50.3fo 

77.9fo 

Glycol  Diacetate 

12.efo 

21. 4f. 

26.5?b 

31.5^3 

42. 8f. 

Triacetin 

17. Of. 

20 . 2'^o 

24.5fo 

35. 8f 

Second  Experiment 

Methyl  Acetate 

18. 4f. 

32. 8f. 

45. If^ 

47.  if. 

61.e/c 

Glycol  Diacetate 

20  .I'fo 

26.Sfo 

27. 7i 

34.0fo 

Triacetin 

8.5f. 

14. 9f. 

23. 4f 

31. ef.   

Theoretical  amount  of  al 
been  ccaaplete  . 

Methyl  acetate  «  4.88  cc 

.kali  required,  providing  hydrolysis  had 

J.  -  Glycol  Diacetate  =  3.97  oc .  Triacet ins=4.70 

cc . 

,  f 
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Table  XX 

A  Comparison  of  the  Hydrolysis  of  Methyl  Acetate,  Methyl 
Benzoate  and  Ethyl  Propionate  by  Liver  Extract. 

First  Exoeriment 

Hours                          1/2      1-1/2        3         5-1/2        8  24 

50  cc .  g  Methyl 

100  Acetate 
Liver  Extract  .5cc. 

0.  45 

0.80 

1.05 

 :  , 

1.25 

1.50 

2.10 

50  cc.  N  Methyl 

100  Benzoate 
Liver  Extract  .5cc. 

0.85 

1.15 

1.60 

2.05 

2.10 

3.00 

50  cc.  N  Ethyl 

100  Propionate 
Liver  Extract  .5  cc. 

1.80 

2.55 

3.00 

3.40 

3.50 

3.30 

Second  Sxperiment 

50  cc.  N  Methyl 

100  Acetate 
Liver  Extract  .5oc. 

0.35 

0.80 

0.95 

1.15 

1.40 

2.30 

50  cc.  N  Methyl 

100  Benzoate 
Liver  Extract  .5oc. 

0.50 

0.95  ■ 

1.35 

1.80 

2.15 

3.10 

50  cc Ethyl 

100  Propionate 
Liver  Extract  .5cc. 

1.20 

2.00 

2.10 

3.25 

3.40 

3.95 

Theoretical  amount  of  alkali  required,  providing  hydrolrsis  had 
been  con^ilete 

Methyl  acetate        4.88  cc. 
Methyl  Benzoate      4.93  cc. 
Ethyl  Propionate     4,86  cc. 
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Table  XXX 


A  Comparison  of  the  Hydrolysis  of  N    Solutions  of  Ethyl 

100 

Malionate,  Ethyl  Succinate  and  Ethyl  Tartrate,  "by  Liver 
Extract . 


First  Experiment 


Hours 

1/2. 

1-1/2 

3 

5-1/2 

6-1/2 

24 

50  cc»  N  Ethyl 

100  Malonate 
Liver  Extract  .5cc. 

1,40 

2,25 

2.45 

2.45 

2.40 

2 . 35 

100  Succinate 
Liver  Extract   .5  cc. 

1,25 

1.95 

2.25 

2.30 

2.30 

O  .  DO 

ou  c  c »  vi    z  ny x 

100  Tartrate 
Liver  Extract  .  5cc. 

0,05 

0,20 

0,20 

0,35 

0.40 

r>  Q 

U  .  3  O 

Second  Experiment 

50  cc.  N  Ethyl 

100  Malonate 
Liver  Extract  .5cc. 

1.60 

2.35 

2.40 

2.40 

2.40 

2.50 

50  cc.  N  Ethyl 

100  Succinate 
Liver  Extract  .5cc. 

1.65 

2.35 

2,45 

2.45 

2.93 

2.60 

50  cc.  N  Ethyl 

TSo  Tartrate 
Liver  Extract  .5cc. 

0.15 

0,20 

0.25 

0.35 

0.45 

0.60 

Theoretical  amount  of  alkali  required,  providing  hydrolysis  had 
been  complete. 


Ethyl  Malonate        4.84  cn. 
Ethyl  Succinate      4,91  « 
Ethyl  Tartrate        4.67  « 


(50) 

Table  XXII 

- 

The  Effect  of  Dilution  of  Ester  on 

the  Activity  of 

Lipase  • 

First  Exoeriment 

Time 

15  min. 

30  min. 

1  hr. 

2  hrs. 

3  hrs. 

35  cc._N  Ethyl 

25  "Propionate 
Liver  Extract  .5  cc. 

2.25 

2.65 

4.25 

4.95 

7.90 

Se  cc,  _N_  Ethyl 

50  PrODionate 
Liver  Extract  .5  cc. 

2.35 

2.95 

4.15 

4.95 

7.45 

100  cc.  N  Ethyl 

100  Propionate 
Liver  Extract  .5  cc. 

2.55 

3.40 

5.15 

5.85 

e.60 

200  cc.  N  Ethyl 

200  Propionate 
Liver  Extract. 5cc. 

2.50 

3.80 

5.75 

7.15 

8.90 

Second  Exreriment 

25  cc .  N__Ethyl 

25  Propionate 
Liver  Extract  .5cc. 

2.55 

4,10 

5.15 

6.70 

6.05 

50  cc.  N  Ethyl 

50  Propionate 
Liver  Extract  .5cc. 

2.85 

4.20 

5.55 

6,95 

8.10 

100  cc.  N  Ethyl 

]_AQ  Propionate 
Liver  Extract  .  56o. 

2.95 

4.20 

5.30 

6.95 

8.  50 

200  cc.  N  Ethyl 

200  Propionate 
Liver  Extract  .5  cc. 

3.05 

4.10 

6.35 

9.00 

9.60 

Amount  of  alkali  required  providing  hydrolysis  had  bean 
Ethyl  Propionate      9.72  cc. 

cooiplete  . 

1 


UNIVERSmr  OF  IUJNOI»-0BBAN* 


liilli 

I 

12  07909772J 

J 

